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Araor  Penetration  Teats  of  20mm  API  Projectile  Ex-ii 


PARl^ 

INTRODUCTION 


1.  AUTHORITY t 

The  aubjeot  testa  were  conducted  under  reference  (a),  Task 
Assignment  NPO-Re3b-236-l-53»  as  authorized  by  references  (b), 

(o),  (d),  (a),  and  (f). 

2.  REFERENCES! 

a.  BUORD  Rest  Itr  Re3b-AAF;Qt  NP9  of  July  1952 

b.  BUORD  Rest  Itr  Re3b-AAFtmt  NP9  of  11  August  1952 

0.  BUORD  Rest  Itr  Re3b-AAPtmt  NORD  11694  of  9 October  1952 

d*  BUOPD  Rest  Itr  Re3b-AAFtmt  NORD  11694  of  6 January  1953 

e.  BUORD  Rest  Itr  Re3b-AAFiat  NORD  11694  of  14  March  1953 

f.  BUORD  Conf  Itr  R«3b“AAF!hJk  S78-1(20be)  Ser  55881  of 
28  April  1953 

g.  NAVPROV  Rest  Itr  OTKjTWTidaf  Xl-2o-20am  Ser  35050  of 
25  August  1953  to  BUORD 

3.  BACKGROUND! 

Since  September  1952  the  Naval  Proving  Ground  has  been  conducting 
tests  of  various  models  of  the  20mm  API  Projectile  Ex-5*  Results  of 
all  tests  were  reported  informally  to  the  Bureau  of  Ordnance  thereby 
facilitating  the  release  of  this  projectile  to  production*  The  pro- 
jectile, now  designated  the  20fflm  API  Projectile  Hk  13  Hod  0,  is  to 
be  used  in  service  with  the  20ao  Gun  Mk  12,  This  report  formally 
covers  all  the  armor  penetration  teste  performed  on  the  20mm  API 
Projectile  Ex-5  as  requested  by  references  (b),  (c),  (d),  (e),  end 

(f)* 

4.  OBJECT  OF  TEST! 

These  tests  were  conducted  for  the  following  purposes: 

0 To  do  too  ar.'.sor  plui'cirib  cii.'M  1 - .1 . . • 

20mm  API  Projectile  Ex-5* 

b.  To  determine  oomparn^ivo  penetration  oharaetariatics  of 
the  various  types  of  20mra  API  Ex-5,  the  20ma  APM95,  and  Caliber 
, 50APM2  projoctiles, 

c.  To  establish  penetration  teat  velocities  for  the  20nun 
API  Projectile  Ex -5  for  use  in  speuificatior.  CS-2  806. 
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5.  PERIOD  OP  TEST! 

a.  Dates  of  Directives  11  August  1952 

9 October  1952 
6 January  1953 
14  March  1953 
2ft  April  1953 

b.  First  Teat  Reported  Here  4 September  1952 

a.  Last  Teat  Reported  Here  2?  July  1953 

6.  REPRESENTATIVES  PRESENT! 

The  following  representatives  were  present  to  witness  portions 
of  the  tests  reported  herein! 


A « 

A* 

Famlgliettl 

Bureau  uf 

Zi'di. 

A. 

N. 

Boardslee 

Bureau  of 

Ordnance  Re3d 

c. 

L. 

Hosier 

AINSMAT, 

Reading  Pa. 

W. 

R. 

Pcwl 

Armstrong 

Cork 

Company 

J. 

R. 

Konold 

Armstrong 

Cork 

Company 

L. 

E. 

Killian 

Armstrong 

Cork 

Company 

0 • 

A. 

Relnhard,  Jr, 

Armstrong 

Cork 

Company 

H. 

H. 

Yohn 

Armstrong 

Cork 

Company 

t'ONFIDKVTIAL 
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■PABILC 

DETAILS  OF  TEST 

7.  DESCRIPTION  OF  ITEM  UNDER  TEST* 

The  following  projectiles  wore  tested: 

a.  20mm  API  Projectiles  Ex-5  manufactured  by  Armstrong  Cork 


Company 

of  the  types 

identified  below: 

Type 

IVEBX 

Date 

Bodv-Adaoter  Assembly 

Body  Hardening 

Sep  1952 

Original  design  hot  shrunk 
through  die. 

Hardened 

IVEAL 

Sep  1952 

Original  design  hot  shrunk 
only. 

Not  hardened 

IVCB5 

Nov  1952 

Body  adapter  joint  modified. 

Hardened  No.  5 
grain  site. 

IVCB6 

Nov  1952 

Hechanioally  same  as  1VCB5. 

Hardened  No.  6 
grain  aise. 

IVC37 

Nov  1952 

Mechanically  same  as  ZVCB5* 

Hardened  No.  7 
grain  slse. 

E2BLT 

Jan  1953 

New  E2BT  design. 

Hardened 

E2BLT-C 

Mar  1953 

E2BT  design. 

Hardened  No.  2-1/2 
grain  si2e. 

E2BLT-M 

Mar  1953 

E2BT  design. 

Hardened  No.  5-1/2 
grain  eiee. 

E2BLT-F 

Mar  1953 

E2BT  design. 

Hardened  No.  7-1/2 
grain  else. 

EX-5A8 

May  1953 

E2BT  design. 

Hardened 

Mk  13 

July  1953 

E2BI  design. 

Hardened  (see 

Mod  0 Figure  1) 

Appendix  (a),  Figure  1 shows  a cross  section  of  the  most  recent 
type  Ex-5  projectile  obtained  from  the  pilot  lot  of  Mk  13  Mod  0 
projectiles • 

b.  For  comparative  purposes  20mm  APM95  projectiles  from 
lot  NP-3-24-45  and  Caliber  .50APK2  projectiles  from  lot  51^53925. 
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8.  DESCRIPTION  OP  TEST  EQUIPMENT  I 

a.  Ouns : 

20ma  Tubs  No.  34492 

20ma  Aoouraoj  Barrels  No.  FAD-1  and  Ex-178 
Caliber  .50  Aeeurao7  Barrel  No.  299 

b.  Cases  and  Powdert 

20ma  M21A1  Primed  Case  with  IND  32774  Powder 
20mm  Mk  5-0  Case  with  Mk  47-0  Primer  and  IMR  6962 
lot  DSZA  8 Powder. 

Caliber  .50  Primed  Case  with  RAD-20055  Powder 
0.  Armort 

1/2"  and  3/4"  Face  Hardened  Armor  Carburlitd  and 
Pluramelt  types 
3/4**  Homogeneous  Armor  (STS) 

1"  Homogeneous  Armor  (STS) 

1-1/4"  Homogeneous  Armor  (STS) 

d.  A 160*  range  with  armor  plate  butt  and  velocity  measuring 
equi.jxsent. 

9.  PROCEDURE! 

The  various  types  of  20mm  API  Projectiles  Ez-5  listed  In 
paragraph  7a  were  Inert  loaded  to  weight  (1700  grains)  with  the 
exception  of  the  EX-5A8  type  and  fired  versus  armor  targets  as 
listed  in  paragraph  8o.  Ballistic  limits  were  established  for 
most  of  the  conditions  of  best. 

10.  RESULTS  AND  DISCUSSION! 

a.  The  ballistic  results  are  sumnarlsed  In  Tables  I to  VI, 
Appendix  (B),  and  are  given  In  detail  In  Appendix  (D)  for  each 

pro Jectile-plate-obliqulty  combination.  Photographs  of  typical 
projeotilea  after  inpaot  are  oontained  in  rig'-iroa  v:  thrcugi;  1^;, 
Appendix  (C). 
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b.  In  the  initial  phase  Caliber  *50  APM2,  20mm  APM95  and 
20mm  API  Bx-5  projeotilea  of  types  BBX  and  BAL  wars  tested  against 
the  same  armor  targets.  To  establish  some  comparison  among  these 
projectiles,  limit  penetration  coefficients  were  caleulated  using 
the  following  formula t 

F(./d,9)  = a 87  It  l/.i  pg 

F(e/d,0)  ts  limit  penetration  coefficient 

e is  the  plate  thickness  in  inches 

d is  the  diameter  of  the  projectile  body  in  inches 

H is  the  mass  of  projectile  body  in  pounds 

VP50  is  the  mean  protection  limit  velocity  in  feet  per 
second 


0 is  the  obliquity  (angle  between  trajectory  and  normal 
to  plate  at  impact) 


Characteristics  of 

the  projectiles  were  as 

follows } 

Projectile 

Diameter  of 
Core  or  Body 
Inches 

Weight  of 
Core,  or  B^.ds 

Caliber  .50  APM2 

.i*272 

.0560  pounds 

20mm  APM95 

.7686 

.2529  pounds 

20mm  API  Ex-5 

.7686 

♦.1643  pounds 

(Original  Design) 

* Body  weight  of  original  design  types  EBX,  BAL,  and  CB«  The  body 

Koight  the  iittw  F?BT  (infilgn  ‘■■nly  p."'undfi  t- provide  for 

heavier  adapter. 
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Perforaanoes  are 

compared  in 

« M M W M 4 

the  table 

belowt 

Conditions 

of  Tost 

Proieotlle 

"VP50" 

Limit 

ft./ieo. 

Limit 

Penetration 
Coefficient 
P(e/d.0)_  . 

Limit 

Coefficient 
in  terms  of  % 
of  20mm  APH95 
Limit 

1/2"  Face 
Hardened  30° 

Cal.50APM2 

2502 

70,000 

131 

n 

20u  APM95 

1639 

53,450 

100 

n 

20mm  API 
Ex-5  (SBX) 

1909 

50,150 

94 

3/4"  Homo.  30° 

Cal«50APM2 

2342 

54,200 

110 

It 

20mm  APM95 

1005 

49,350 

100 

« 

20mm  API 
fix-5  (EBX) 

2691 

59,300 

120 

1"  Homo.  0° 

Cal.50APM2 

2404 

55,750 

103 

n 

20mm  APM95 

1972 

54,000 

100 

n 

20fflffl  API 
Ex-5  (EBX) 

2626 

50,000 

107 

1-1/4  Homo.  0° 

20mm  APH95 

>3006 

>73,300 

100 

VV 

20mm  API 
Ex-5  (EBX) 

3115 

61,250 

^84 

The  above  resulta  indicate  that  the  20am  API  Ex-5  (EBX)  projectile 
requires  lesa  energy  than  the  Caliber  .50  APM2  or  20mm  APK95  to 
penetrate  1/2"  faoe  hardened  armor  at  30°  obliquity,  but  requires 
lo  jMjiullralu  iiu:.iOiiorioouo  aruor  at  JJ"’  obliquity 

and  1"  homogeneous  amor  at  0°  obliquity  than  either  the  Caliber 
.50AH42  or  20mm  APM95#  Against  1-1/4"  homogeneous  at  0°  obliquity 
tho  20mm  API  Ex-5  (EBX)  was  able  tu  penetrate  but  the  20mm  aPM95 
could  not.  A posaible  explanation  is  that  the  long  M95  body  with 
soft  base  ie  upaet  during  penetration  where  as  the  short  rslativoly 
hard  Ex-5  body  does  not  deform  during  penetration.  The  20mm  Ex-5 
(EAL)  projectile  with  unhardened  body  showed  poor  armor  penetrating 
character istica  as  expected  and  as  evident  from  the  hig!i  'oallistio 
limits  obtained  (Apper.dix  (D)), 
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0i  In  the  second  phaae  three  tjpea  of  20ma  Ex-5  projeotilee 
identified  aa  CB-5«  6 and  7 were  tested*  These  projectiles  were 
identical  mechanically  and  varied  only  insofar  as  the  heat  treated 
grain  siie  in  the  bodies*  The  bodies  were  No*  5^  No*  6,  and  No*  7 
grain  sise  respectively  which  is  not  considered  muoh  variation* 

No  difference  in  the  armor  penetration  performance  was  noted 
against  either  1/2"  face  hardened  armor  at  30^  obliquity  or  1" 
homogeneous  armor  at  0°  obliquity* 

d«  Type  E2BLT  Ex-5  projectiles  with  a new  strengthened  body- 
adapter  design  to  facilitate  security  of  parts  were  next  tested 
for  penetration*  These  proleotilea  gave  a similar  penetration 
performance  to  types  CB-5*  I and  7 tested  previously  against  both 
1/2"  face  hardened  armor  at  30°  obliqutiy  and  1"  homogeneous  armor 
at  0°  obliquity* 

e*  Three  types  of  20mm  Ex-5  projeotilee  of  the  new  body-adapter 
design  with  a wide  spread  in  body  grain  sise  were  given  penetration 
tests*  These  projectiles  were  the  E2BLT-C  with  a No*  2-1/2  (coarse) 
grain  sisei  the  E2BLT-K  with  a No*  5-1/2  (medium)  grain  sise.  and 
the  E2BLT-F  with  a No*  7-1/2  (fine)  grain  sise*  Four  ballistic 
tests  were  conducted  in  an  att^impt  to  detect  the  influence  of  this 
considerable  variation  in  grain  sise*  Tests  against  1"  and  1-1/4" 
homogeneous  armor  at  0^  obliquity  and  against  3/4"  face  hardened 
armor  at  20°  obliquity  did  not  distinguish  between  the  three  types* 

A test  made  with  the  projectiles  at  subsero  temperature  (-65°f) 
against  3/4"  homogeneous  armor  at  30°  obliquity  showed  a slightly 
poorer  performance  for  the  E2BLT-0  coaroe  grain  type*  However^  the 
differences  among  the  three  types  of  projectiles  in  overall 
ballistic  penetration  properties  are  not  considered  significant* 

f*  Two  hundred  20mm  EX-5A8  projectiles,  incendiary  loaded  by 
National  Fireworks  Ordnance  Corporation,  were  tested  at  the  four 
different  conditions  of  test  to  be  included  in  the  specificatlona* 
The  results  obtained  are  summarized  in  Appendix  (B)  along  with  the 
results  obtained  on  the  pilot  lot.  and  first  two  acceptance  lots  of 
20mm  Kk  13  Mod  0 projectiles*  As  regards  acceptance  ballistic 
vesting  of  the  Ex-5  projectiles,  the  following  agreements  were 
nado  at  a noeting  in  the  Bureau  o£  Ordnanoe  on  18  June  1953 S 

(1)  That  the  present  method  given  in  OS-2806  of  listing 
numerical  vslooitiee  for  a particular  condition  was  satisfactory* 

(2)  That  the  Nav.i^l  Proving  Ground  would  furnish  velocities 
for  the  desired  conditions  of  test,  to  be  Hated  in  an  amended 
05-2806. 
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(3)  That  th«  protection  criterion  for  complete  penetration 
will  be  emplo7ed  In  the  apeclfloatlon.  Complete  penetration  will 
be  ooneldered  to  hare  occurred  when  a hole  le  produced  in  a 1/16** 
mild  eteel  plate  mounted  apprcxlaatelF  6**  behind  and  parallel  to 
the  armor  platei  provided  a through  hole  la  evident  In  the  armor. 

(4)  That  the  Bureau  of  Ordnance  would  authorlie  the  Naval 
Proving  Ground  to  obtain  limit  velooltiea  on  test  plates  with 
standard  and  acceptance  lots  of  projectiles  under  the  amended 
speolfleation. 

The  following  table  lists  the  average  performanoe  to  date  for  each 
condition  of  test  and  oompares  these  average  values  with  the 
velooltiea  proposed  In  reference  (g)t 


Conditions 
of  Test 

No.  Limits 
Determined 

Average  "VP50" 
Limit 
(Corrected 
to  Nominal 
Thlokneas) 

Spselfl- 

oation 

Value 

ProBoied 

Speolfleation 
value  in 
Terms  of 
% of  Average 
Limit . 

1/2**  Face 
Hardened 

Pluramelt  at  30° 

5 

2143  f*9* 

2225  f.e. 

103.  b 

1/2"  Homo.  30® 

6 

1994  f.e. 

2075  f.e. 

104.1 

3/4"  Homo.  30° 

6 

2714  f.e. 

2850  f.s. 

105.0 

1"  Homo  0° 

13 

2687  f.e. 

2800  f.s. 

104.2 

In  view  of  the  above  results  the  proposed  values  should  prove 
satlsfaetorj  for  acceptance  testing  under  OS-2806. 
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mui 

CONCLUSIONS 


11*  It  ia  oonoluded  that  i 

a«  On  the  basia  of  armor  penetration  the  20ma  API  Projeotlle 
Ex- 5 oan  be  oon  Idered  a aatisfaotorily  effeotive  projeotlla  for 
aervloe  use* 

b«  The  20ma  API  Projeotlla  Ex-5  is  not  quite  as  effeotive  as 
the  20ma  APM95  projectile  in  overall  amor  penetrating  oharaoter- 
IstlOBt 


0*  Exoept  for  an  Inferior  performance  by  the  unhardened  body 
BAL  typsi  no  aignifloant  difference  in  the  overall  temlnal 
balliatio  performanoe  of  the  various  types  of  20ma  API  £x»5  pro- 
jeotilet  vas  noted# 

d*  Proposed  specif ieatlon  veloolties  for  aooeptanoe  testing 
of  20aa  API  Ex-5  projeotiles  have  been  determined# 
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